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The present invention relates to the microbiological industry and, more specifically, it relates to a 
method for preparing strains which produce amino acids. 

Amino acids produced by microorganisms find extensive use as feedstuff and food additives in the 
agriculture and food industry, as components of various nutrient mixtures for medical purposes and as 

5 reagents in the chemical and pharmaceutical Industries. 

Known in the art are methods for preparing strains which produce amino acids such as L-lyslne, L- 
threonine, L-isoieucine, L-valine and the like by using various mutagens. The resulting mutant strains of 
microorganisms have specific genetically preconditioned defects in regulating metabolism and, due to such 
delects, they produce specific amino acids or release them into the nutrient medium. The required 

io microorganism strains are produced by conventional methods based on the particular nutritive demand of a 
mutant (auxotrc-phy) or on resistance of a mutant with respect to on© or another structural analogues of an 
amino acid inhibiting the growth of the parent strain. 

The amino acid production by known auxotrophic strains results from blocking the formation of a by- 
product or a coinhtbitor amino acid, which participate in the negative control of the amino acid biosynthesis. 

76 Known are pantothenate auxotrophs of Escherichia coii, producing valine (Maas W.K., Vogel H.J. J, 
Bacteriol,, Vj65, p.388, 1953), homoserine-requlring strains of Corynebacterlum glutamicum and Brevibao 
terium flavum. producing lysine (Nakayama et at., J. Gen. Appl. Microbiol., v.7, p.41, 1961). Isoleucine-. 
threonine-, or homosenne-requiring mutants of Arthrobacter paraffin© us and Corynebacterium hydrocar- 
boclastus producing valine (U.S. Patent no. 3,700,556). 

so The amino acid production by mutant strains resistant to structural analogues of amino acids results 
from removing the negative regulation of the amino acid biosynthesis (feed-back inhibition of the key 
enzyme activity or repression of the corresponding enzyme formation by the end products). Known are the 
S-2-aminoethyl-L-cysteine resistant mutant of genus Brevibacterium producing lysine (Sano K., Shiio l„ J. 
Gen. Appl. Microbiol., v. 16. p. 373, 1970, Shiio. et ah, J. Biochem., v. 68, p. 701, 1970), the amino- 

90 hydroxyvaleric acid (AHV) resistant mutant of Escherichia coli producing threonine (Shiio U, Nakamons., 
Agr. Biol. Chem., v.33, p.1152, 1969), AHV resistant mutant of the Brevibacterium producing threonine and 
the mutant of microorganisms belonging to the genus Brevibacterium or Coryne bacterium resistant to 
aminohydroxyvatGric acid producing isoleucine (U.S. Patent No, 3,767.529). mutant strains of the rj«™»r« 
Brevibacterium and Corynebacterium having resistance to 2-thiazolalanine which produce valine (U.S. 

30 Patent No. 3,893,888) mutant strains of Serratia marcescens resistant to isoleucine hydroxamate producing 
isoleucine (Kisumi, et al„ J, Bacterid, , v. 110. p. 761, 1972). 

Known aro amino acid-producing Ct^inc hat/fng rocictanco *0 amino acid anaJogwOO together with is 

nutrient requirement which increases their productivity (U.S.Patent No. 3,893,888). Such amino acid 
producers remain auxotrophic and can grow only on media containing specific additives. 

as Known in th© art is also a method for preparing bacterial strains producing amino acids which is based 
on isolation of chromosome DMA fragments of a donor bacterium containing genes controlling the synthesis 
of a selected amino acid, combining them with a multicopy piasmtd DNA molecule by in vitro manipulation 
and transforming with the hybrid DNA molecule obtained a recipient strain to yield a bacterial strain 
possessing Increased productivity (U.S. Patents Nos. 4,276,765; 4,331,907). According to this method 

40 chromosomal DNA fragments are isolated from a strain having a mutation which removes the negative 
regulation of selected amino acid biosynthesis. The recipient strains may be a specialty constructed strain 
or It may be the donor strain. 

However, no effective Escherichia coli strains producing isoleucine or valine were obtained by this 
method. 

4$ A need therefore continues to exist for the development of a novel method for preparing amino acid 
producing strains. 

Hitherto unknown are strains characterized by an increased production of an amino acid due to 
mutation in genes coding for the corresponding aminoacyMRNA synthetase. 

The aminoacyl-tRNA synthetases, or activating enzymes, are particularly crucial elements in the route 
so leading from amino acids to proteins. These enzymes catalyze the formation of activated amino acids, that 
is their attachment to one or more specific tftNA. 

In most cases there is but one aminoacyl-tRNA synthetase for each amino acid. So, only conditionally 
expressed mutations may be obtained. 

Mutants with altered aminoacyMRNA synthetases were described in several papers r 
55 1. Roth j.R., and Ames B.N. J.Mol.Biol., v. 22, p. 325, 1966. 

2. Neldhardt F.C. Bacterid . Rev.. 30, p. 701. 1966. 

3. Folk W,R. and Berg PJ. Bacterid., v. 102, p. 193. 1970. 

4. lacoarino M., and Berg P. J. Bacteriol., v. 105, p. 627, 1971. 
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5. Johnson E.M. et al. J. Bacterid., v. 129, p. 66, 1979. 

Some amlnoacyl-tRNA synthetase mutations manifest themselves as auxotrophy. This is an unusual 
auxotrophy, because the defect is not in the formation of the amino acid, but in its utilisation for protein 
synthesis. H was also communicated, that phenotypic suppression of feuch auxotrophic mutations may arise 

0 as a result of additional mutations which increase the biosynthesis 
corresponding amino acid (1,4-5). However, amino add producing 
auxotrophic amlnoacyl-tRNA synthetase mutations and methods for their production were not known. The 
role of such mutations in overproduction of amino acids by producer strains was not shown as well. 

is an object of the present invention to use aminoacyMRNA synthetase mutations for preparing strains 

io possessing enhanced capability of producing amino acids without additional growth factors, more specifi- 
cally, strains of Escherichia coli producing isoleucine and valine. | 

These and other objects of the invention, which will hereafter become more readily apparent have been 
attained by development of a method for preparing strains which produce amino acids, wherein according 
to the present invention, a mutation affecting amlnoacyl-tRNA synthetase which confers to cells auxotrophy 

>s and which can be compensated only partially by addition of the Jselected amino acid Into the culture 
medium is combined with mutations which remove the negative regulation of the amino acid biosynthesis to 
give a strain having increased productivity of the selected amino acid J 

This invention further relates to bacterial strains having high productivity for an amino acid, comprising 
in its genome a mutation which affects the corresponding amino acyl-tRNA synthetase conferring auxotrophy 

20 which can be suppressed partially by adding the respective arn'ino add to the culture medium, in 
combination with one or more mutations which remove the negative 
amino acid. 

Mutations affecting aminoacyMRNA synthetases which manifest 
decreased affinity {increased the Km EMicnaelis constant (affinity pf substrate)]} for the corresponding 

45 amino adds (3*4). Therefore the formation Of the activated amino acids (the charging of the corresponding 
tRNA) in their cells is decreased. Under this condition the transcription of the structural genes (operons) 
involved in the biosynthesis of these amino acids may be markedly increased, if their expression is 
controlled by attenuation. This regulatory mechanism exists in many amino add operons of different 
bacterial species (Kotter R., Yanofsky C- Ann. Rev. Genet, v. 16, |i. 113, 1982: Matsui K. et al. Nucleic 

30 Acids Res., v. 14. p. 10113. 1986; Shimotsu K et at J. Bacteriol.. v. 168> p. 461 p 1986; Kuroda M.L et al. J- 
Batiariol., v. 167, p. 782. 1966). 

Besides, the decreased tRNA charging elevates the- intracellular' concentration of 
guanosinetetraphosphate (ppGpp), which is known to activate initiation of transcription of amino acid 
operons (Stephens, J.C. et al. Proc. Nat. Acad. Sci. USA, v. 72, p. 389, 1976; Cashel M. and Rudd K.E. in : 

35 Escherichia coli and Salmonella typhimurium; cellular and molecular biology (Vol. 2. NeJdhanJt F.C., ed.) p. 
1410. ASM. Washington. 1887). 

Taken together these factors create the possibility for overproduction of the corresponding amino acid. 
This possibility can be realized jf the negative regulation of the amino acid, biosynthesis is eliminated. 

To obtain the high level of expression of amino acid operons which is necessary for effective amino 

<q acid production, only those aminoacyMRNA synthetase mutations must be used, which cannot be fully 
suppressed (compensated) by addition of the corresponding amino acid into the medium. These mutations 
may be produced by conventional processes for mutation induction such as by treating a p r ototrophic 
parent strain with N-methyl-N'-nitro-N-nitrosoguanidine. The screening procedure should include selection of 
auxotrophic mutants, which can grow only slowly on media containing high concentrations (3-10 rng/ml) of 

<ts the corresponding amino acid, and cannot grow without it. This procedure permits to obtain just the mutants 
with Impaired aminoacyMRNA synthetases, because the auxotrophy caused by blocks in the amino acid 
biosynthetic pathway can be completely compensated by addition of low concentrations (0,005-0,05 mg/ml) 
of the amino acid into the media. 

On the basis of the mutant strains additional mutations may be obtained which increase intracellular 

so concentration of the corresponding amino add, by selecting (pseudo)revertants, which can grow on media 
containing no amino acid or containing low concentrations of the amino add. By using this procedure 
different mutations in the genes involved In amino acid overproduction may be induced, and step-by-step 
selection leading to Increased amino acid productivity may bo performed. The maintenance of the defect in 
the aminoacyMRNA synthetase in revertants must have a positive effect on their productivity. Thus, 

Ss effective amino acid producing strains may be prepared. 

Besides, above mutations affecting aminoacyMRNA synthetases may be introduced into the chro- 
mosome of the amino add producers obtained by known procedures, including selection for analogue- 
resistance, by transformation, transduction, conjugation or protoplast fusion to increase their productivity. 



3 



Received at: 7:21AM," 9/26/2003 

• • 2003 '09/26 #20:16 FAX SBfiftHS^ 0BL0N 1 013/025 



EP 0 519 113 A1 



Further, above mutations affecting aminoacyl-tRNA synthetases may be introduced into the Chro- 
mosome of recipSent strains, which are used tor the construction of amino acid producers by recombinant 
dna technique. 

By the method of the present invention strains were constructed which produce valine and isoleudne in 
s higher yields than has been achieved by previously known methods using artificial mutant of Escherichia. 

Having generally described this invention, a further understanding can be obtained by reference to 
certain specific examples. 

Example 1 

w 

1 . Selection of the mutants requiring a high iaoteudne concentration for their growth. 

Escherichia coli strain K12 W3350 was treated with N-methyl-N^nitrc-N-rUtroeoguanidine and cultured 
with shaking in the presence of 1 0 mg/ml of L-isoleucine at 37 * C for 24- hours. The cells were then washed. 

is resuspended in minimal medium supplemented with glucose (0.2 %) and incubated at 37* C. When a 
doubling (A590) was obtained, 2000 units of penicillin per ml. were added, and after 3 hours incubation at 
37 *C the cells were washed and spread on minimal agar plates supplemented with 0-2 % glucose and 10 
mg/ml LHsoteucine. Isoteucine auxotrophs which can grow only in the presence of high isoleudne 
concentration in the medium were selected using a conventional procedure. Three independent mutants 

so which have thus been isolated, are : HeS 2, HeS 17 and IleS 32. 

Table i shows the optical densities (A59Q) of the 1 8 hours cultures or the isoievcine- requiring mutants 
grown on minimal medium supplemented with different tsoleuclno concentrations. 

TABLE 1 

25 



Strain isoleucine (mg/ml) 



0.00 0.01 0,05 1.0 3-0 5,0 

optical aensxty_ (A590) 



40 


IleS 2 


0.001 


0.18 


0-33 


1.10 


1.30 


1.60 


IleS 17 


0.001 


0.013 


0.04 


0.11 


0.41 


0.76 




XleS 32 


0.001 


0-14 


0.29 


1.00 


2.00 


2.00 




VL 330 


0.001 


0.93 


1.70 


1.60 


1.40 


1.40 


45 


W 3350 


1.50 


1,70 


2.00 


.2.00 


2.00 


2.00 



The regular Isoleuctne auxotroph VL 330 (ttvA) reaches the maximum OD at 0.00S mg/ml of Isoteuclne In a 
so growth medium. The mutants HeS 2, HeS 17 and NeS 32 require much higher isoleudne concentration for 
their growth. Furthermore, the mutant IleS 17 grew slowly even in the presence of 5 mg/ml of isoleudne in 
medium. 

Genetic data had shown that mutations conferring Isoleudne auxotrophy to the HeS strains were 
mapping on the Escherichia coll chromosome between threonine and leucine operons where the gene 

— ^- -j?^ t^. _ .. i i * _^ ±±*. ^.^ i-^. ^ i. i_ ^ ^.^.i^ j a . ^..jinkii ^l±~~i ^ ^ ^ 

M majiii^ iui louiouuyrn ;>jf i iu mu»»ts 10 nnurru t\J uo iuuiicui ru*t*uiuut^iy » lautoubyrunvt aytiuioiooc 

activities In the IleS 2 and HeS 17 strains measured by known method were 43 % and 37 % of the 
respective activity in thn na^r^slx^ii.PRrih0rii3hla-CrtlUALAH^ 
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2. Selection of the mutants requiring high vaftite cortceiWatiorHorthi&ii* 

Strain erf Escherichia eoli VL1S02 (vaJR> pyrB::Tn5). W 3350 derivative, was treated with N-methyl-N - 
nitro-N-nitrosoguanidine and cultivated with aeration in the presence of 10 mg/ml of L-vaJine at 370* C for 
3 30 hours.Then after two rounds of the penicillin© enrichment procedure described above valine auxotrophs 
were selected. About 20 % of colonies tested were vali no-requiring. Nine independent VaJS mutants have 
thus been isolated. 

Table 2 shows the optical densities (AS90) of 20 hours cultures of some ValS mutants grown on 
minimal medium supplemented with valine in different concentrations. 

10 

TABLE 2 



Strain valine (mg/ml) 



20 






0*00 


0 


.05 


0.2 


0.5 


1.0 


2.0 


5.0 


7.0 10.0 










Optical density (A590) 






25 


ValS 


52 


0.005 


0 


.01 


0.02 


0.03 


0.07 


0.16 


1-5 


1.8 1.4 




ValS 


67 


0.01 


0 


• 04 


0.07 


0.21 


0.50 


1.8 


2,2 


1.9 1.5 




ValS 


91 


0.02 


0 


.03 


0,04 


0.08 


0.15 


0.58 


1.9 


1.8 1.45 


30 


C600 

ilvc 


* 


0.01 


2 


.0 


2.2 


2-3 


2.2 


2.5 


2.3 


2.2 2.2 



ss * For this strain 0.1 mg/ml of Isoleuoine was added together 
with indicated valine concentrations 

ATI the mutations conferring vallne-requlrement to VatS mutants were cotransduced with high frequency 
40 by phage P1 with pyrB::Tn5 marker (82-98 %). This result indicates that they are located In the same 
region where known vai$ mutations were mapped. Activity of vaiyRRNA synthetase was measured by 
known methods in several ValS mutants and found to be decreased- In Val$ 52 mutant it was only 16 % of 
the respective activity in the parent strain. 

Thus, by using the described procedure mutants impaired In aminoacyMRNA synthetase activities can 
46 easily be selected. 

3. Measuring of guanosinetetraphosphate level in IleS 17 mutant 

During the balanced growth J!eS and ValS mutants may have decreased levels of charged isoteucyh 
so tRNA or valyl-tRNA due to reduced activity of the corresponding aminoacyRftNA synthetase. This must 
lead to the increased formation of guanosinetetraphosphate (ppGpp). So intracellular ppGpp concentration 
was measured by using a known method in the IteS 17 mutant and in the parent strain W3350 grown in 
minimal medium supplemented with isoteucine. 

50 
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TABLE 3 



6 



Strain 


Isoieucine concentration in 


ppGpp pmote/A450 




medium (mg/ml) 




W3350 


2 


35 


lleS 17 


2 


140 




3 


105 




5 


55 




10 


30 



The results presented in table 3 show that urtder the same growth conditions the ppGpp concentration 
in HeSl7 mutant is four timed higher than in the strain W3350. Besides, the pp$pp level was dependent on 
'5 Iso leucine concentration in growth medium : the higher was the isoieucine concentration the lower was the 
level of ppGpp in rie S17 cells. 

4. Determination of threonine deaminase activity in lleS mutants. 

so Isoieucine and valine production by Escherichia coli strains must depend on the level of ilv-oporon 
expression. To determine the effect of ileS mutations on expression of HvGMEDA operon the threonine 
deaminase activity was measured by known method In IleS mutants grown on medium supplemented with 
isoieucine in low (0.01 or 0.05 mg/ml) and high (5-2) concentrations (Table 4). 

25 TABLE 4 



Strain 


Isoieucine concentration in 


Relative threonine 




medium (mg/ml) 


deaminase activity (%) 


IleS 2 


0.01 


757 




5.20 


87 


IleS 17 


0.05 


658 




5-20 


366 


IleS 32 


0.01 


682 




520 


122 


W3350 


0.00 


100 




5.20 


26 



The results presented in Table 4 show that the enzyme activities in the IleS strains were higher than in 
the parental strain W3350 under different growth conditions, ft can also be seen that in the presence of 5.20 
mg/ml of isoieucine in medium the highest threonine deaminase activity was In the IleS 17 mutant (14 times 
higher man In the W3350). 

Exam pie 2 

1 . Selection of revertants of IleS strains which produce isoieucine. 

5* The strains lleS2, UeSl7 and MeS32 were treated with N-methyl-lsr-nrtro-N-nitrosoguanidine, spread on 
the plates containing minimal medium supplemented with qjz % glucose or 0.2 % glucose and 3 mg/ml 
threonine and cultured for 48-72 hours. The revertants which appeared were tested for their ability to 
excrete Isoieucine Into a medium and to feed the lawn of isoteudne'requiring mutant HvA (syn trophism test, 
Tabie 5). 

55 
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TABLE 5 



Parent strain 


Number of revertarrts lasted 


Number of isoleucine 






excrete rs 


tleS 2 


50 


14 


lies 17 


100 


25 


lies 32 


75 


24 



10 



Thua, using the HeS mutants isoleucine producing strains can easily be obtained. 

Threonine deaminase activity and its inhibition by the end product was determined in revertarrts excreting 
isoleucine. In most of them the enzyme was not inhibited by 1 mM of isoleucine. Furthermore, in the 
revertant Rev 7434 (derivative of ues z) threonine deaminase was completely insensitive to inhibition by the 
end product- 

Genetic and nucleotide sequence analysis of Rev 7434 had shown that the mutation conferring 
resistance to the inhibition was in the ilvA gene coding for threonine deaminase (ilvA7434 mutation). 

2. Construction of the isoleucine producing strain containing vaiR, ilvA7434, and ile S17 mutations. 



95 



The strain Rev 7434 as well as other Escherichia coll K12 strains contains a mutation In the HvG gene 
which decreases the Ih/GMEDA operon expression. To eliminate this defect spontaneus vali no-resistant 
mutant of this strain was obtained by plating it on agar minimal medium supplemented with glucose (0.2 %) 
and L-vaJIne (1 mg/ml). Thus VaIR strain VL1886 was obtained which contains a mutation conferring valine- 
resistance located in the ilvGMEDA operon. Phage P1 grown on the strain VL1886 was used for 
transduction of the strain VL334 (thrC ilvA). On minimal medium supplemented with glucose {0.2 %) and 
threonine (0.05 mg/ml) lie + transductants were selected. Over 90 % of them were valine-resistant and had 
threonine deaminase insensitive to inhibition by isoleucine. Thus the strain VL1887 (thrC ilvA7434 vaiR) was 
obtained. Then phage P1 grown on HoS 17 was used for transduction of the strain VL1887. On minimal 
medium supplemented with glucose Thr + * transductants were selected- About 50 % of them grew slowly, 
and their growth was stimulated by isoleucine. These were transductants which received jle$ 17 mutation- 
Thus the strain VL1S92 was constructed which contains simultaneously vaiR, ilvA7434, and ileS 17 . 
mutations. This strain had an elevated level of isoleucine' insensitive threonine deaminase which was from 6 
to 10 times higher than in Rev7434. The syntrophism ;*e$t showed that the strain VU892 produces 
isoleucine. 



3. Construction of the isoleucine producing strain containing ilv-operons in a low copy number pfasmid. 



60 



The strain AB 1206 harbours a low copy number pi as mid P14, which contains a chromosome fragment 
with ilv-operons and a corresponding chromosome deletion. Phage P1 grown on VL1886 was used for the 
transduction of AB 1206. The transductants were selected on minimal medium supplemented with glucose 
(0.2 %) and valine (i mg/ml). Thus the strain KX 139 was obtained in which the P14 plasmid contains the 
vaiR and ilv7434 mutations (that was established by measuring threonine deaminase activity by a known 
method). The plasmid can be transferred by conjugation in different Escherichia coli strains, more specially, 
in He$ 17. However, in RecA+ strains ft might be unstable because of the frequent integration into the 
chromosome. Therefore the recA mutation was introduced into the chromosome of IleS 17 strain by using 
the known conjugation procedure from the strain NK0659 (Hfr KL16 srl;;TniO recA). Recombinants were 
obtained on L-broth agar medium supplemented with tetracycline (0.01 mg/ml) and among them the UV- 
sensltive UeS strain was selected. Thus the strain KX140 having genotype lleS 17 recA was prepared. The 
plasmid Pi 4 (vaiR Hv7434) was introduced Into the cells of KX140 by conjugation to obtain the strain KX 
141. The syntrophism test showed that this strain produces isoleucine. 



4. Production of L-isoieucine by the novel L-isoleucine-producingstrains. 



5$ 



The strains Of Escherichia COli VL 1892 and KX141 were inoculated by loop from the slant Of an 
agarized M9 medium Into Erlenmeyer flasks each containing 50 ml of L-broth (containing 10 g/i peptone, 5 
g/1 yeast extract, 1 g/l glucose and 5 g/l NaCI, pH 7.2). After inoculation the flasks were placed on a rotary 
shaker (200 r.p.m.) and incubated for 13 hours at the temperature of 37 *C. The thus prepared material was 
used as a seed culture. 
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A main culture medium, containing 30 g/1 glucose) 5 y/i uininuiiium suimLtt. 2 y/i KariFCi, 0.4 y/i 
MgSO+.7H 2 0, 0.02 g/l FeSG*7HaO, 0.02 g/1 MnSGi.SH 0, 2 g/1 yeast autolysate. 1 g/1 L-threonlne was 
prepared. 

300 ml of the medium was placed In a 0.5 I JaMermentor and sterilized at 121 'C for 15 mln. The 
5 medium was inoculatd with 30 ml of the seed culture obtained above and cultivated with stirring at 900 
r.p.m. and introducing 1:1 volume of air per minute. The pH of the medium was maintained automatically at 
around 7.2 by feeding on pH-monitor signal the mixture containing in ratio 10:7:1 10 % solution of 
threonine. 00 % solution of glucose, and 25 % solution of ammonia. 

The fermentation was performed for 46 hours. By the end of fermentation the culture medium with 
to VM892 contained 8 - 13 g/t of isoleucine, and the culture medium with KX 141 contained 11 - 17.8 g/l of 
isoleucine. The strain KX 141 has been deposited In the Alf-Unlon Collection of Industrial Microorganisms in 
VNIIGENETIKA (USSR) as VKPM B-4781. 

Example 3 

15 

1. Selection of the revertants of HeS 32 VaIR strain which produces L*vaitne. 

To obtain L- valine producers the strain harbouring both HeS and vaIR (ilvG) mutations was constructed. 
The vatR (iivG) mutation restores the activity of the vali no-resistant AHA$ II - the key enzyme in valine 

20 bfosynthetic pathway, which is detective In the strains of E. coll K12. By sequential phage P1-medlated 
transduction mutation vaIR from the strain C600 valR (resistant to 1 mg/ml of valine) and mutation ileS 3d 
from the strain IleS 32 were Introduced Into the chromosome of the strain VL334 (thrC HvA), On the pistes 
of agar minimal medium M9. containing glucose (0.2 %) and valine (2 mg/ml) VaIR transductants were 
selected, and on the plates of this medium containing isoleucine (2 mg/ml) Thr+ IleS transductants were 

as obtained. 

Thus the strain Me$ 32 VaIR was constructed. Then the revertants of this strain were selected by plating 
it on MS medium containing no isoleucine. The colonies which appeared were tested for their ability to feed 
the lawn of isoleucine and valine requiring E. colt strain on minimal medium M9 containing isoleucine {0-05 
mg/ml)- Thus valine excreting strains Rev835, Rev839 and Rev 874 were obtained, 
so By using phage Pi- mediated transduction it was found that all of the revertants contained ileS mutation 
which can be transferred in different Escherichia coli strains. 

2. Production of L-yaiine by the (pseudoyovertants. 

3S The ability of the strains obtained to produce L-vallne was- tested by fermentation in tubes- The 
fermentation medium contained 50 g/1 glucose. 10 g/l ammonium sulfate; 1 g/l KzHPO. 0.4 g/l MgSO*.7HaO, 
0.02 g/l FeSO*.7H*0, 0.02 g/l Mn$Q*.5HzO and 20 g/l CaCCb (separately sterilized) and the pH was 
adjusted to 7.2. 

Three ml batches of the fermentation medium were placed in 20 mm tubes inoculated with one loopfut 
40 Inoculum of the test strain cells, and cultivation was carried out for 46 hours at 37* C, 

The amount of L-val*ne in the supernatants of the fermentation broth is shown in Table 6. 

TABLE 0 



Strain tested 


valine produced (g/l) 


Rev 835 


4.3 


Rev 838 


1.2 


Rev 874 


5,6 



3. Construction of the effective L-vallne producers 

To obtain more effective L-valine producers and to find out the role of IleS mutations on valine 
production isogenic lleS+ and IleS- were constructed on the basis of Rev 874. Phage P1, cultured on the 
cells of donor strain NK 6068 (lhr:;Tnfl) was used for transduction of thr::Tn9 Into the chromosome of the 
Rev 874, The transductants were selected on L-broth agar plates, containing chloramphenicol (10 jxg/ml). 
Among them threonine- requiring strain VL 1968 fast-growing on minimal medium containing no isoleucine 
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(HeS+) was obtained. The cells of this strain were transduced by phage pi grown on MeS 17. The 
transductants were selected on M9 minimal medium containing glucose (0.2 %) and tsoieucine (2 mg/ml). 
Among Tnr + recombinants two strains. VL1968 («eS+) and VL1970 {ileS 17) were obtained. We tested the 
productivity of these strains as well as of the strain Rev 874 cuituring them as described above. The 
s productivity was calculated as a ratio of valine concentration In culture medium to the optical density of the 
cultures. The results are presented In Table 7. 

TABLE 7 



TO 


Strain tested 


IleS alfel 


Valine productivity g/t/OD560 




VL1968 


rleS + 


0.01 




VL1970 


ileS17 


0.76 


75 


Rev 874 


UeS32 


0.52 



It can be seen from Table 7 that IleS mutations markedly enhance the valine productivity of E- coll 
valine producers. Besides, mutation ileS17 which is only partial ry suppressed by addition of (soleudne Into 
the medium has a more pronounced effect on the valine productivity. The more effective valine producer 
ZQ strain VL 1970 was constructed by combining In one bacterial genome mutation(s) in llv operon, which have 
positive effect on the valine production, with mutation UeS17, which impairs isoIeucyftBNA synthetase and 
can be suppressed only partially by addition of exogenous isoleucine into the medium. 

4. Production of L-vatine by the novel Escherichia coli strain VL1970- 

S5 E. coli VL1970 was cultivated at 37' C for 18 hours in Erlenmeyer flasks with agitation (300 r.p.m.) on 
the seed culture medium, it was minimal medium M9 with glucose <l %). A main culture medium, 
containing 30 g/l glucose, 5 g/1 ammonium sulfate, 2 g/t K?HPQ+, 0-4 g/1 MgSO+-7H 2 0, 0.02 g/1 
FeS04.7H 2 0. 0.02 g/1 MnSCVSKfeO, 0.6 g/l NaCI and 0.25 g/1 yeast autolysate. pH 7.2 was prepared. 

300 ml of the medium was placed In a 0.S litre jar-fermentor and sterilised at 121 *C tor 15 minutes.. 
The medium was Inoculated with 30 ml of the seed culture obtained above, and cultivated at 37 • C with 
stirring at 900 rotations per minute and introducing 1:1 volume of air per minute. The pH of the medium was 
maintained automatically around 72. by introducing In the fermentor on pH-monitor signal a mixture 
containing 50 % glucose and 25 % ammonia In a ratio of 6:1. The fermentation was performed for 46 hours. 
By the end of fermentation the culture medium contained from 8-2 to 10.6 g/l of valine. This was 7 times 
more than obtained by using E. coli strain constructed by recombinant DNA technique. 

The strain VL1970 has been deposited in the All-Union Collection of Industrial Microorganisms In 
VNHGENETIKA (USSR) OS VKPM B-441 1 1 

Claims 

4Q 

1. A bacterial strain having high productivity for an amino acid, comprising in its genome a mutation which 
affects the corresponding aminoacyl-tRNA synthetase conferring auxotrophy which can be suppressed 
partially by adding the respective amino acid to the culture medium, in combination with one or more 

^ mutations which remove the negative regulation in the biosynthesis of said amino acid. 

2. L-iso!©udne or t-valine producing strain according to claim 1 , 

3. A bacterial strain according to claim 1 or claim 2, which belongs to the genus Escherichia coli. 
50 4, Wsoleuclne producing mutant strain Escherichia coli VKPM B-4781 deposited in VniiGenetika. 

5. L-Vallne producing mutant strain Escherichia coli VKPM B-441 v deposited in VNIIGENETIKA. 

6. A method for constructing a bacterial strain having high productivity for an amino acid according to any 
of the claims 1 to 5, whicn comprises intjoducmg in tho genome of a bacterial strain a mutation which 
affects the corresponding aminoacyl-tRNA synthetase conferring auxctrophy which can be partially 
suppressed by adding the respective amino acid to the culture medium in combination with one or 
more mutations which remove the negative regulation in the biosynthesis of said amino acid. 
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7. A method according to claim 6, wherein the mutation which removed the negative regulation in the 
biosynthesis of said amino acid is obtained as (pseudo)revertarrt of the mutant affecting the cor- 
responding aminoacyMRNA synthetase. 

0 & A process for producing L-isoleucine by cuJturlng an L-isoleucine producing mutant according to any of 
the claims 1 to 4 in a nutrient medium and isolating L-isoleucine from the culture broth. 

9. a process for producing L-vaJiae by cuituring an L-vafine producing mutant according to any of the 
claims 1 to 3 or 6 in a nutrient medium and isolating U-vafine from the culture broth- 
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